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PREFACE 
The search for, and use of, pest resistant crop varieties should 
be an integral part of any pest management program. From 1967 to 1969, 
while studying under Dr. H_, L. Chada, Professor of Entomology at Okla-
homa State University, I screened sorghum varieties for resistance to 
Heliothis zea (aoddie) and Spodo~tera _fru~iperda (J, E, Smith}. During 
this-.time I became aware of some of the many problems involved in the. 
development of resistant crop varieties as well as becoming acquainted 
with the development of greenbug, Sc~izaphis sraminum (Rondani), bio-
types. The deyelopment of biotypes.with differential host.plant resist-
ance· seriously complicates the problems involved in developing resistant 
varieties and crec;1.tes a need fqr a more thorough understanding of the 
biotypes.involved, 
I would like to express. my appreciation to my major adviser, Dr. 
Kenneth J. Starks, Professor of Entomology and Investigations Leader, 
Entomology Research Division, United States.Department of Agriculture, 
for his helpful guidance.and encouragement during the course of this 
study and in the preparation of this manuscript. 
Appreciation is also extended to Dr. L. H. Bruneau, Professor of 
Zoology; Dr, H. L. Chada, Professor of Entomology; Dr;. R. D. Eikenbary, 
Assqciate Professor of Entomology; Dr •. D, E. Howell, Professor of Ento-
mology; and Dr, D, E, Weibel, Professor of Agronomy for their helpful 
suggestions and construc;tive criticisms of this manuscript. 
Gratitude is also expressed to th.e Entomology Rei:iearch Di vision, 
iii 
U. S. Department of Agriculture, for providing the financial support 
which made this study possible, 
Special appreciation is extended to my wife, Lois, who aided in 
the preparation of this manuscript and gave both understanding and en~ 
couragement throughout the course of this study, 
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INTRODUGTION 
The greenl:>ug,. Schizaphis ~rami11um (Rondani), has long been consid-
ered one of.the most destructive pests of small grains .in the United 
State!i. The appearance of a greenl:>ug biotype in 1968 that was capable 
of damaging sorghums· makes the greenbug a serious pest of the 2 major 
crops of the .Great Plains, wheat and sorghum. 
At ·present~ chemical control is the only method available for ap-
plied control of the greenbug on wh~at _and sorghum, Due to possible 
deleterious environmental effects of toxic chemicals and the low cash 
valu~ per ac;re of small grains ~d sorghums,; the .use of resistant· c:rop 
varieties appears to be an icleal method of insect control. The develop-
ment of greenbug biotypes with d;ifferential host plan~ resJstance has, 
hindered the development of resistant virrieties. 
This study was undertaken in· hopes of provicl:i,ng add:i, tional in.for-
mation on greenbug biotypes which might be helpful in future greenbug 
studies, especially with tespect to plant resi~tance stu~ies. The 
· greenbug was cytogenetically evaluated to determine if differences were 
apparent. among b;i.otypes, The sexual gener~ticm was. evaluated to de-
termine its possible.significance.to the species .and its possible rela-
t~onship to biotype develop~ent, Hopefully, information from this 
study wi11 help in determining factc_,rs that influence biotype develop-
ment. 
1 
REVlEW ·OF· LITERATURE 
A~hid Biolo&;r 
I . , 
The Aphididae are characterize~ by.a type of development described 
as heteroga,my or cyclic tep:roduction in wh:i..(:h there is an alternation 
of partq.enogenetic genel'ations ·with a se:x;ual generation (Johannsen and. 
Butt 1941) .. 
Beck (1968) described the .generalized seasonal biology of aphids. 
He stated that polymorphism .is the rule in this family and that it is 
closely associated with their complex sease>nal biology. All combina-
tions of alternation of generation a:nd host ,plant aJternation are found 
with~n the family, 
Generalized Aphidi4ae seasonal. cycles were given by Johannsen and 
Butt (1941), Metc~lf et al, (1962), Palmer (1952), Borror and DeLong 
(1971),; Davidson and Peairs (1966), Beck (1968), and others. Figure 1, 
taken from Beck (1.968), schematically shows .the generalized seasonal 
biology of aphi<;l.s. Many variations in this system occur in the 
Aphididae, 
~·Greenbus 
History and ImFor~anfe - The greenbug, S_chizaph.is sraminum 
(Rondani), was originally descr:iJ;ied in. Italy by Rondani (1852). It is 
virtually world wide i:n distributipn, being reported from North and 
South America, Europe, Asia, and Africa (Wadley 1923). The greenbug 
was first reported in.the Uni~ed, States in 1882 (Hunter 1909). Since 
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Fig. 1. Generalized seasonal biology of the Aphididae 
($eek, 1968) 
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that time, it has become a very destructive pest of small grai ns in the 
Central and Southwestern States ; Dahms et al. (1,955) stated t hat the 
greenbug causes economic damage each year in the United States and es -
timated that severe outbreaks may cause losses of mo r e than 50 million 
bu of grain. 
Wadley (1931) reported the greenbug could feed on over 60 plant 
species, but found only wheat and oats to be s evere ly damaged . Other 
studies reported greenbugs to attack at least 78 species of grass es and 
some species of other plant families (Patch 1938, Dahms et al. 1954, 
and ,Daniels 1960) , 
Seasonal Biology ,- The seasonal biology of t he greenbug varies 
considerably with the climate. Generalized greenbug seasona l biology 
was reported by Metcalf et al. (1962) and Davidson and Peairs (1966) , 
\ They stated that t~e greenbugs in the south remain acti ve th r oughout 
the year , Further north the greenbugs may overwinter as nymphs or 
adults which enter a quiescent state during periods of cold ext remes\ 
In the more northern states, males and sexual females are produced with 
the approach of cold weather. They mate and the females oviposit on 
the plants . In the early spring the ova hatch, produci ng pale-green, 
apterous females. Washburn (1908a, b) reported finding eggs in t he 
greenhouse in Minnesota but was unable to find them in the fie l d. 
Later he reported finding some ova on Elymus canadensis and Beckmani sp . 
in the field , Webster and Phillips (1912) believed egg production to 
be largely restricted to north of the 35th parallel. However, sexuales 
have been reported in the field in Tennessee (Webster and Phillips 
1912), and they have been reared in South Carolina (Luginbil l and Beyer 
1918), in Texas (Tucker 1918 and Daniels 1956), and in Oklahoma (Wood 
1955 and Wood et al. 1969). Wadley (1931) concluded that the sexual 
stage appeared to be of little significance in the economic importance 
of the species. 
Life Cycle - The greenbug passes through 4 instars. The develop-
ment time is about a week under summer conditions but varies greatly 
under different temperatures. Alate and apterous females are t he pre-
dominant forms. Fourth instar greenbugs already contain embryos in an 
advanced stage of development (ijadley 1931). 
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Greenbug Biotypes - Muntzing (1967) defined biotype as a group of 
individuals of a species haying the same genotype. Biotypes have been 
reported for several species of aphids including the following: corn 
leaf .aphid, Rhopalosiphum maidis (Fitch) (Cartier and Painter 1956 and 
Everly and Mulla 1962); spotted alfalfa aphid, Therioaphis maculata 
(Buckton) (Pesho et al. 1960); rubus aphid, Amphorophora ~ (Kalt) 
(Briggs 1965); pea aphid, Acyrthosiphon pisum (Harris) (Harrington 
1943, 1945); and the greenbug, Schizaphis graminum (Rondani) (Dahms 
1948, Ossiannilsson 1959, Orlob 1961, Wood 1961, 1971, Singh and Wood 
1963, Dickson and Laird 1969, and Harvey and Hackerott 1969a, b). 
Hille Ris Lambers (1947) and Tambs Lyche (1959) reported Schizaphis 
species which were quite similar to the greenbug, 
The criterion for determination of biotypes is usually differen-
tial host or host-plant injury by the aphids. The greenbug biotypes 
dis tinguished so far have been based largely on their differential 
plant reactions and differences in temperature requirements. 
Dahms (1948) found greenbugs from Mississippi reacted differently 
from Oklahoma greenbugs when tested on 15 varieties of small grains. 
Wood (1961) reported a greenhouse biotype that .was capable of destroying 
6 
wheat prev:i,ously resistant to the-l!original" greenbug biotype in the 
Midwest, In 1968, a third biotype that was capable of damaging sorghum 
a.J1d withstanding higher temperatu:res was reported. Thi_s was reported 
from Arizona, Colorado, K!Ulsas, Nebraskl:I., Oklahoma, South ,Dakota, and 
Texas (Anonymous 1968), Three biotypes now designated as A, B, and C 
were described by Wood et al, ·(1969) in the following quotation: 
Biot)l>e A.,.. The "original" greenb-q.g to whi~h resistance .has 
been developed in wheat, . barley, and oats; but which does not 
occur in Southwestern s.ma.11 grain fields now. Dickinson Sel. 
28A wheat and wheat hybrids containing this germ plasm are 
resistant. to biotype A, · but all wheats are· susceptible to 
biotypes Band C, However, Will barley maintains resistance 
to biotype A. This greenbµg is not mo:rphologically or eco-
logically .different from biotype B, but both differ in this 
respect.from biotype C. Feeding is-in the phloem sieve-tube 
of the .leaf vascular bundle. · · 
Biot~e B ~ This greenbug currently infests small grains in 
the c5uthwestern U,S, Dickinson Sel. 28A and all other 
wheats and whe~t hybrids are susceptible, but Will barleY, 
maintains resistance .to it, 'This greenbug is not morpho-
logicaUy or ecologically different from biotype .A, but both 
A and B · differ from biotype C. in thi_s ·respect, Fee.ding is in 
the _parenchyma of the leaf in contrast to the phloem feeding 
by biotypes·A and C. · 
BiotYEe £ - This· "greenbug1' infests ang daJl}ages small grains 
ano sorghums. All wheats and wheat hybrids a~e susceptible; 
but Will barley maint~.ins resistance tq it. It is morpho-
logically and ecologically different from biotypes A and B. 
It is much lighter in colqr; the corn:icles are·yellowish-
green with no blackening (1/3 of distal end black in A and 
B), tips not expanded, and wrinkles are_preserit throughout 
the:i,r length (Wrinkles present on basal portions only for 
biotypes A and B); lateral abdominal tubercles are present 
on more.abdominal segments than I and VII; as is the case for 
biotypes A and B; it has -more sensoria on .the third antenri_al 
segment than tq.e normal, 6 for biotypes A and. B; f feeding is in 
the.phloem of the leaf vascul:l.lr bundle; development and re-
production rates on nearly mature sorgh-q.m plants are·about,5 
times greate:r than for biotypes .A and B on similar plants; 
about 10% are. males an4. eggs . are deposited. inside cages 
whereas, no males have been observed in colonies of biotypes 
A and B; and deveiopment takes place.in the field at temper-
ature.s as high as 110 F, wh~reas biotype.s A and B leave · small . 
grain plants when tempepatures reach 80-85 F, 
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The development of b~otype C ma~es the greenbug a pest of the 2-
maj or cro:ps of the Great Plain~, wheat ancl. sorghum (Harvey. and Hackerott 
1969a) • Sorghum in America ~as · considered to be. only ... occasionally in ... 
fested with greenbugs (Randolph and Ga+ner 1961). Prior to the -1968 
attack., the only· report. of damage. to sorghum was, made by Hayes (1922) 
in Western Kansas.. Daniels .and Jacksqn (1968) reported small infesta .. 
tions on Texas sorghum in 1967; Sorghum damage.by greenbugs was re-
ported from Europe (Barbulescu 1964) and .Africa (Matth.ee 1962). Dickson 
and Laird (1969) suggested. that the biotype.was introduced from some-
where near trye Mediterranean, Some authors feel that biotype C may 
prove tq be another species or subspecies of Schizaphis (Saxena 1969 
and Wood et al. 1969) .. However, taxonomists feel that the differences 
involveq. do not wa:rran~ description .as ·a new species (Harvey.and 
Hackerott,1969a and.Wood et al. 1969), 
Sexual Generation of Aphids 
' ~ .. 
Low temperatur~s and short photoperiods·are factors.of major im-
portance· in. the production of s.exua)es in the -.Aphididae (DeFlt:tit,er 
1950 1 Kenten 1955 1 MacGUlivray 19S.5, Lees 1959, 1963, MacGillivray and 
Anderson 1964, and others). Almpst all authors agree that the ·seasonal 
biology.is controlled by temperature and;photo:period, Short photo-
periods, and low temperatures are considered to stimulate·production of 
the sexual generation.· 
Johnson and.Birks (1960) state~ that the sexual phase in aphid 
biology was.the mqst primitive r~productive type, They also believed 
that work by Lees (1959) supported the theory that all embryos begin 
development as presumptive oviparae but can be switched to viviparous· 
parthenogenetic types if exposed to long photoperiods and/or high 
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temperatures, Lees (1959) concluded that aphid polymorphism is regu-
lated by the environment, The environmental influences acting upon a 
"switch" mechanism direct the oocytes and emb;ryos into different devel-
opmental pathways. Lees . (1961) further found that environment affected 
the parent aphid :rather than directly influencing the embryos, He be-
lieved the site of stimulation to be located on the head or thorax. 
MacGilUvray and Ander~;on (l964) suggested that the light and dark ef-
fects were accumulative, exerting more influence on second and following 
generations than on the first, They also believed that migratory forms 
were produced prior to production of oviparae. 
Beck (1968) found the role of photoperiod to.be uncertain in the 
production of male . aphids, Lees (1959) found no de:fini te effects of 
photoperiod on male production. He believed male production to be.at-
tributed to temperature . and age of the reproducing female. Al though 
photoperiod effects are not well understood, work by Kenten (1955), 
Lees (1959), Johnson and Birks (1960), and MacGillivray and Anderson 
(1964) indicated that males were produced under low temperature and 
short photoperiod conditions. However the effects were not as clear 
cut as for the oviparae. 
G:reenbug Sexual Generation 
Males - Male greenbugs are winged and slightly smaller than winged 
females. Wing expanses were reportecl to be approximately 4, 5 mm and 
body lengths to be about 1,3 mm (Washburn 1908a, Theobald 1927, and 
Palmer 1952). These authors also describecl the antennae as black ex-
cept for the 2 basal segments and proximal half of the third. Their 
third antenna! segments possessed about 20 circular sensoria, their 
fourth abo.ut 18, and their fifth about 9. Theobald (l9~7) further 
9 
described.the male to have the apex of the tibiae and the tarsi dark,; 
Oviparae - Theobald. (1927) and Washburn (19Q8a) reported the body 
length to be 2~2 to 2.S mm in the oviparae and the 2 basal antennal 
segments and part of the third to be light colored, with no circular 
sensoria, They also reported the·tibia of the hind legs to possess 
many sensoria and to .be· slighOy swollen and dark. Palmer (1952) gave 
a slightly different description of the females. She stated the body 
length to be 1, 35 to 2 mm and the .hind tibia to possess about 23 1 arge 
£11;1.t sensoria, Washburn (1908a) stated that oviparae can be easily 
iclentified by the swollen dark hind tibia and by the eggs which can be 
seen through the walls of the abdomen. 
Ova - Ova have been described by Washburn (1908a, b), Metcalf et 
-
al, . (1962), Daniels (1956), Davidson and Peairs (1966), Wood et al. 
(1969), and others. Washburn (1908a) described the eggs as oval in 
shape, averaging 0;65 :rnm long by 0.3 :rnm wide. The color was reported 
as blue-green when first laid and turning to a· shiny black after a few 
days. Daniels (1956) found ova to average about 0.5 mm in length, 
Oviposition was reported to be on the upper surface of dead leaves 
of grass by Washburn (1908a), I-lunter (1909) reported finding eggs on 
breeding cages. Washburn (l908a) observed lQ nearly matur<;i eggs in one 
female. Wadley (1931) reported an average of about 3 eggs per female 
and a maximum of. 7. Al though oviposi tion has been reported in the 
greenhouses in Texas and Oklahoma by Wood (1955), Daniels (1956), and 
Wood et al. (1969), no ova h.ave been found in the field, Daniels (1956) 
did not.observe hatching and further stated that the ova were possibly 
aborted embryos from old agqlllic females. However, a few males were 
found in field populations in 1968 (Wood 1968). Hatching of greenbug 
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eggs was reportli3d by Washbu:rn (19081:>) and Webster .and Phillips (1912). 
Production of Sexuales ~ Wadley (1931) found that greenbugs pro-
. , ............. ···, . . . . 
duced s~xuales under conditions of. less than 12 ·hr day-length and tem-
perat:ures averaging 21.C or less. He further stated that the day-length 
becqmes favorable for produ~tion of the sexual ~eneration, the last ~eek 
in September. 
· Insect Cytotaxo110my. 
Cytotaxonomy is.concerned with cytological differences which exist 
among .members of closely related species. These .. diffe:rences are often 
concerned with number, shape,. and size of the ch:romosomes, but seldom 
with the genetic mechanisms of.the insects. The diff~rences among 
chromosome.sets of closely relatec,l species are sometimes'.used to dif-
ferentiate.between sibling species tha~ cannot be separated on the basis 
of external characters, or at best, can be distinguished only with great 
difficulty. These changes are the result of chromosomt;i rearrangements 
which have become established in the phylogeny of the _species (White 
1957). 
Chromos.ome rearrangeme~ts consist of centric fusions, dissocia-
tions, del_etion_s, duplicat:i,?ns, inversions, and translocations (White 
1957) • These rearrangements. are accol)lplished according to several 
principles described ma:i,nly br .Muller (1938, i940a, b) .and Muller and 
Herskowi tz ( 1954). These include the. following: · ( 1} Chromosomes .. under-
go spontaneo'!ls breakage periodically. (2) In order to be ·of any sig-
ni:f;icance in future generations, such brea~s must occur in the germ-line 
of an individ'Llal that happens to leave some descendents. (3} :Freshly-
broken chromosome ends s~em .to be ''sticky" and capable of sticking to 
other freshly-broken ends, (4) .Natur:al chromosome ends (telomeres) are 
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not "sticky" and will not fus~. (5) Consequently, telomeres cannot as-
sume an interstitial position in a chromosome and freshly-broken chromo-
some ends cannot be converted to telomeres. 
From these principles, White (1957) concluded that new chromosomes 
are produced by rearrangements involving at least 2 breaks and subse-
quent recombinations. Shinji (1931) stated that increases in aphid 
chromosome numbers appeared to be largely due to transverse divisions 
of one or more of the original chromosomes. 
If the .chromosome rearrangements do not lead to the loss of essen-
tial genes, the new chromosomes may persist in the population. Even if 
these new chromosomes are maintained for several generations, the rear-
rangements may be lost due to natural selection if no adaptive or supe-
rior features are involved in the heterozygous condition. Consequently, 
cytotaxonomic differences among species are usu~lly preceded by a con-
dition of cytological polymorphism. The study of chromosomes among re-
lated species may lead to consideration of problems of population ge-
netics in the past as well as at the present time (White 1957) . 
The extent to which cytotaxonomy can be used in insect systematics 
varies considerably with the species involved. In some of the Diptera 
where giant chromosomes are present, most of the chromosome changes 
should be observable. In other insects with smaller chromosomes, only 
certain differences in gene sequence are detectable. The observable 
differences would entail chromosome number, shape, or size . It is 
probable that minute changes involving duplications or deletions are 
very significant in genetic evolution. In the salivary chromosomes of 
Drosophila spp., bands of identical appearance often exist and these 
probably represent duplications. However these would probably escape 
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detection in small chromosomes (White 1957). 
The cytological study of differences between species has proved 
possible only .in groups possessing small numbers of chromosomes (White 
1957). Patterson and Stone (1952) analyzed the somatic metaphase chro-
mosome configuration of approximately 200 species of Drosophila. 
Clayton anc;l Ward (1954) later studied additional D~osophila species. 
The use of cytotaxonomy .to recognize sibling species has proved 
valuable in many insect species, especially in groups which possess 
giant chromosomes. Carson (1953) cytologically distinguished 3 sibling 
species of Drosophila, 2 of which were indistinguishable morphological-
ly. Prizzi (1947, 1950) was able to distinguish sibling species of the 
Anopheles maculipennis group. White and Key (1957) reclassified pre-
viously described races of the Australian grasshopper, Austroicetis 
pusilla (Walker) into separate species based on 7 different cytological 
characters. Ohmachi and Matsuura (1951) detennined that Gryllulus 
mitratus Bunneister actu~lly consisted of 3 sibling species whose chro-
mosome complements were different. 
Sometimes it is possible to distinguish between species that have 
long, thin chromosomes at metaphase, and others that have much thicker 
and more contracted ch,romosomes. These chromosomes .may be homologous 
from species to species even though they look quite different (White 
1957). 
Cytotaxonomy can be very useful in understanding the relationships 
of the intraspecific categories of races, microgeographic races, and 
local populations, but only in those that exhibit some degree of cyto-
logical polymorphism (White 1957). Scholl (1955) stated that cytotax-
onomy may be used to analyze geographic variation in .some 
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parthenogenetic species of Diptera. 
Aphid Cytology and Cytotaxonomy 
Boyes (1965) stated that cytological research is helpful in the 
solution of taxonomic problems. He further state4 that the use of cyto-
taxonomy is more useful in those taxonomic groups in which karyotypic 
variations are the most abundant. In the study of SO aphid species, 
Sun and Robinson (1966) found there were at least 24 karyotypes. 
Shinji (1931) attempted to use aphid karyotypes to illustrate rela-
tionships and possible evolutionary development. He investigated 37 
species of American aphids and found the . chromosome number ranged from 
6 to 38. Shinji also claimed the chromosome number and physical charac-
ter of the species were so clo$ely related that the evolutionary scale 
of any aphid could be judged from its chromosome number. 
Shinji (1931) furthe~ stated that chromosome size, shape, and num-
ber we:ve relatively constant within a genus and these characters could 
generally .be used in determination of genera. He concluded that aphids 
with low chromosome ntunbers were the most primitive . Sun and Robinson 
(1966) concluded that possibly 8 was the primitive chromosome number 
and the very low frequencies of 4, 6, 18, and 20 represented the end 
products ,of evolutionary process. 
Sun and Robinson (1966) further concluded that species with lower 
chromosome numbers were characterized by having large chromosomes . 
Those with higher numbers were generally characterized by having much 
smaller chromosomes. 
Sun and Robinson (1966) found aphid species chromosome numbers to 
vary from 4 to 20. Th~, most common number was 8 with 10 and 12 also 
being quite common. Colling (1955) stated that somatic chromosome 
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numbers were multiples of 4 in the species studied to that date . 
In ~dst multicellular organisms, each chromosome has a short re-
gion, called a centromere, which serves for spindle attachment . If 
chromosomes possess more than one centromere, they have a greatly in-
creased possibility of chromosome disruption due to the migration of 
centromeres to opposite poles at meiosis. Because of the greater pos-
sibility of disruption of polycentric chromosomes most groups have 
evolved monocentric chromosomes (White 1957). 
Schrader (1935) and Hughes-Schrader and Ris (1941) stated that the 
chromosomes of Homoptera and Hemiptera have either diffused centromere 
activity along their entire length or the chromosomes are polycentric 
with many centromeres distributed along the chromosome at intervals . 
Other groups included in this category are .the Lepidoptera, an Anoplura, 
Haematopinus suis (L.), and a Mallophaga, Gyropus analis Burmeister 
(Bayreuther 1955, Scholl 1955, and Smith 1960). 
Not all Homoptera and Hemiptera possess non~localized centromeres. 
A species of Pyrrhocoridae (Mendes 1949) and a species of Pentatomidae 
(Dutt 1955) were found to have localized centromeres. However, in the 
study of SO aphid species by Sun and Robinson (1966), no species were 
found to possess localized centromeres. Toledo Piza (1956) is alone in 
stating that the chromosomes of Heteroptera are dicentric. 
The large chromosomes of Ascaris spp. were found by Schrader (1935) 
to actually be composed of many .small chromosomes grouped into a single 
unit. The spindle attachment of Ascaris thus r~sembles that of 
Hemipteran chromosomes. Schrader did not suggest that Hemipteran chro-
mosomes were multiple. However this may be a possible explanation for 
the evolution of such a system in Hemiptera and Homoptera. 
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Choice of Tissue for Chromosome Staining - The proper choice of 
tissue for preparation of chromosome slides is very important. Smith 
(1943) stated that chromosome characters of taxonomic importance can 
only be dete~ined from somatic tissue. He also stated that embryonic 
stages provided large numbers of rapidly .dividing chromosomes but that 
they were frequently small and rarely desirable for study . 
Despite objections raised by Smith (1943), embryonic tissue has 
proven to be the easiest and most useful tissue for aphid chromosome 
studies. Embryos were used for aphid chromosome studies by Shi nji 
(1931), Dionne and Spicer (1957), MacDonald and Harper (1965) , and Sun 
and Robinson (1966). 
The advanced embryos removed from mature aphids already cont ain 
ova and embryos in early stages of segmentation. 
the largest chromosomes are found (Colling 1955). 
From these embr yos , 
Sun and Robinson 
(1966) obtained the best results from apterous, viviparous females col-
lected from early spring to late summer. During the spring to summer 
period when more rapid growth and deve~opment occur, it is eas i er to 
find cells in the metaphase stage. MacDonald and Harper (1965) found 
al ate females to possess many . fat bodies and the embryos to have few 
mitotic divisions . However, good chromosome preparations were obtained 
from nymphs with wing pads . 
Staining Techniques - The inability to prepare quick , simple spec-
imens is a major reason cytology and cytotaxonomy .of aphi ds have been 
neglected for many years (MacDonald and Harper 1965) . Stevens (1905), 
Morgan (1909), Shinji (1931), and Ris (1942) used sectioned material. 
Colling (1955), Dionne and Spicer (1957), and Cognett i (1961) described 
squash methods, but these methods were time consuming . Sun and Robins on 
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(1966) described a quick examination technique in which aceto-orce i n 
squashes could be prepared in approximately 5 min. This greatly facili -
tated the ability to study aphid chromosomes. 
The small siz~ and close approximation of aphid chromosomes at 
metaphase mean that only the best chromosome conf~gurations can be used 
for reliable counts and comparisons, Colling (1955) stated that the 
average metaphase chromosome size of aphids was approximately 1 micron 
and the diameter of the metaphase plate was about 4 microns . This 
creates a need for preparation of large numbers of slides in order to 
obtain adequate specimens for use in cytological studies . 
Method of Slide Preparation - Smith (1943) stated t hat the squash 
technique provided the most valuable method for studying insect chromo-
somes. Dionne and Spicer (1957), Cognetti (1961), MacDonald and Harper 
(1965), and Sun and Robinson (1966) found the squash technique an ex-
pedient method for the study of aphid chromosomes. 
Mitosis and Meiosis - Sun and Robinson (1966) described mitosis in 
the Aphididae . . They found that the prophase chromosomes are not visible 
and that metaphase commences when the nuclear membrane di sappears . The 
chromosomes become condensed and stain dark. Approaching l ate meta-
phase, they become condensed to such an extent that they appear as dots 
or short .rods . These combine to form a rod-shaped mass at the meta-
phase plate . The mass separates in anaphase and part moves towards each 
pole. Then in telophase the chromosome masses swell, become spherical, 
and gradually fade upon entering interphase. 
Me~osis was described as either pre-reductional or post -reductional 
by Battaglia and Boyes (1955). Pre-reductional was described as a re-
ductional division followed by an equational divi sion, post-reductional 
being the opposite. Thomsen (1927)J Ris (1942), and Helenius (1952) 
detennined the meiotic divisions to be post-reductional in Hemiptera 
and the Sternorrhyncha HomopteraJ but the order is reversed in the 
Auchenorryncha Homoptera. 
Chromosome Stains 
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Smith (1943) stated that the most commonly used chromosome stains 
for insects were cannineJ crystal violetJ haematoxylinJ and basic 
fuchsin. The discovery of the chromosome staining qualities of aceto-
orcein by Lacour (1941) added an important additional tool for the 
study of chromosomes. 
Haematoxylin has the disadvantage of creating difficulties in the 
interpretation of overlapping chromosomes due to the opaqueness of the 
stain. HoweverJ it has the advantage of staining the spindle and 
centromere which are not distinguished when crystal violet or bas ic 
fuchsin are used. Staining technique~ often used are Delafield'sJ 
Heidinhain'sJ and Gomori's Haematoxylin (Smitij 1943 and Dionne and 
Spicer 1957). 
The main advantages of crystal vio.let are that it is simple to 
useJ allows for maximum differentiation in the colorless cytoplasmJ and 
is relatively transparent.. One major disadvantageJ especially with 
respect to aphid chromosomesJ is the difficulty in r emoving the stain 
completely from the cytoplasm in specimens with small chromosomes 
(Smith 1943). 
Feulgen's stain is one of the most specific of the nuclear stains . 
Many of the counterstains can be used in combination with Feulgen'sJ 
and it can be applied after other methods have proved unsuccessful on 
the same slide (Smith 1943), Feulgen's stain methods for aphids are 
described by MacDonald and «arper (1965) and Sun and Robinson (1966) . 
Both of these methods involved the use of aceto-ca:rmine. 
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Aceto-ca:rmine is a widely used stain in chromosome studies . Tech-
niques have been described by Belling (19 46), Painter (1934, 1939), 
Carlson (1942), Smith (1943), and Smith (1947). The main advantage of 
using aceto-ca:rmine is the ability to prepare slides quickly and easily. 
However this stain has the disadvantage of not being part~cularly se-
lective, especially for small chromosomes. It also stains the cyto-
plasm and often overstains the chromosomes (Lacour 1941 and Smith 1947). 
Aceto-orcein for chromosome staining was first described by Lacour 
(1941). The stain has the advant~ges over aceto-carmine of being more 
selective for small chromosomes. It does not stain the cytoplasm and 
seldom overstains chromosomes (Lacour 1941). However, the main advan-
tage is the speed with which slides can be prepared. The aceto-orcein 
technique described by Sun and Robinson (1966) for aphid chromosomes 
involves a minimum of time, in most cases less than 5 min . 
Chromosome Measurements 
Chromosome size, as dete:rmined from metaphase _configurations, is 
relatively constant for a species. Changes in chromosome diameter and 
length are inversely proportional to each other (Swanson 1963). Ac-
corqing to Burnham (1964), total lengths of individual metaphase chro-
mosomes vary widely among species but the variance is much less within 
a species. 
The major measuring techn~ques involve measurements taken from 
drawings or photographs. Techniques for chromosome drawings usually 
involve the use of a camera lucida. Darlington ,and Lacour (1969) des-
cribed camera lucida use for chromosome studies. This method has been 
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widely use.d (Boyes 1953, Boyes and Wilkes 1953, Takenouchi 1965, and 
others). Hughes (1964) measurec1. chromosomes from drawings made from 
projected negatives anc1. from tracings of photographs. Measurements 
from photographs '°'ere used for aphid chromosome analysis by Dionne and 
Spicer .. ( 195 7) • 
One of the most used measuripg techniques is by the use.of short 
arm·to long arm ratios with respect to the centromere (Boyes 1953, 
Boyes and Wilkes .1953t and Burnham 1964), Becak (1968) used both total 
length and arm ratios to analyze. species of Anura. 
MATERIALS AND METHODS 
Source of Aphids 
The 3 biotypes of the greenbug, Schizaphis graminum (Rondani), 
used in the following studies were obtained from the U.S.D.A.-0.A.E.S., 
Entomology Research Division, at Stillwater, Oklahoma. The biotypes 
were cultured on Rogers barley, OK 612 sorghum, or RS 610 sorghum. The 
biotype cultures were periodically examined to make sure no contamina-
tion by the other 2 biotypes had occurred. Biotype C cultures were 
visually examined to verify if the cultures were pure. The only method 
to distinguish biotypes A and B from each other was their differential 
reactions to Dickinson Sel. 28A wheat. 
The corn leaf aphid, Rhopalosiphum maidis (Fitch), oat bird-cherry 
aphid, Rhopalosiphum padi (L.), .. and the yellow sugarcane aphid, 
Sipha flava (Forbes), cultures used were also obtained from the 
U.S.D.A.-0.A.E.S., Entomology Research Division, at Stillwater, 
Oklahoma. 
The cultures were maintained in the greenhouse as well as in 
bioclimatic chambers set at different temperatures. 
Staining Techniques 
The ability to cytologically and cytotaxonomically evaluate aphid 
species depends largely upon the ability to study large numbers of 
specimens. The speed with which slides may be prepared and evaluated 
is a prime consideration when selecting a staining technique. 
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Three staining techniques, Feulgen's leuco~basic fuchsin, aceto-
carmine, and aceto-orcein, were compared to determine the fastest method 
that produced good preparations. 
Feulgen!s Stain~ Feulgen's techniques for aphid studies have been 
described by MacDonald and Harper (1965) and Sun and Robinson (1966). 
The method used is listed below. 
1. Dissect embryos from a . live aphid into a drop of Ringer's 
solution and leave .for approximatety 5 min. 
2. Transfer embryos to N HCl and hydrolyze at 60 C for 7-8 min. 
3~ Transfer into leuco-basic fuchsin for 10-15 min or until 
the embryos become red, 
4. Place several of the smaller, stained embryos on a glass 
slide in a drop of aceto-carmine. 
5. Place a cover glass on the embroys and tap gently with a 
· blunt object. 
6. Heat the slide gently. 
7. Press the slide gently between 2 layers of blotting paper. 
Aceto-orcein - Sun and Robinson (1966) described a quick examina-
tion technique involving aceto-orcein . The technique as listed below, 
involved a minimum of time, usually less than 5 min. 
1. Dissect embryos from a live aphid onto a slide, discarding 
the larger embryos . 
2. Place a drop of aceto-orcein on the embryos before they dry. 
3, Place a cover glass on the embryos and tap with a blunt 
object. 
4. Heat gently. 
5. Place the slide between 2 layers of blotting pape; and press 
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gently. 
Aceto-carmine - Several aceto-cannine procedures have been des-
cribed for insect chromosomes (Painter 1934, Carlson 1942, Smith 1943, 
and Smith 1947). None of the techniques so far described are specif ic 
for aphids, other than as a part of the Feulgen's stain method previ -
ously mentioned. The technique used in this study was the same as t he 
aceto-orcein technique described earlier. This method is similar to 
that described by Smith (1947) for salivary gland preparations . 
Embryonic Stage Best su.ited for Staining 
The embryonic stage of development greatly affects the quali ty of 
the slide. Aphid embryos can be roughly divided into 3 sizes as shown 
in Fig, 2~ The largest size is a completely or almost completely de-
veloped embryo averaging about 0.58 mm in length. The large embryos 
appear green when freshly dissected from the aphid. The intermediate 
embryo stage appears as a clear jelly-like mass possessing 2 dark eye 
spots. After staining with aceto-cannine, appendages become apparent . 
This stage averages about 0.43 mm in length. The smallest embryo stage 
appears as a clear jelly-like mass that stains a bright red with aceto-
cannine. Sometimes small appendages are visible after staining. This 
embryo stage averages about 0,25 mm in length. 
Embryos were extruded from adult greenbugs. The embryos were sep-
arated into the 3 size groups by teasing them apart with a dissecting 
needle. They were then stained following the aceto-orcein technique 
already mentioned. 
Thirty squashes were made for each embryo size. The squashes were 
observed under 1000 X magnification to detennine if they possessed di s-
tinctly stained chromosomes capable of being counted . 
2ft M 
Fig. 2, Three embryo sizes of . the greenbug. 
L, large embryo size; I, inter-
mediate embryo size; S, small 
embryo size. 
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Detennin~tion of the Aphid Age Producing the Hiihest Number of Embryos 
in ~ ~ Desirable Staaes of Development 
Attempts were undertaken to determine the developmental stage t hat 
affords t~e greatest possibil~ty of finding large numbers of e~bryos i n 
the most desirable stages of development. Embryos were extruded and 
counted from aphids that were 3, 5, 7 and 9 days old. These aphids 
were reared in a bioclimatic chamber at 24 C with a 14 hr photoperiod. 
Embryo coµnts were accomplished by dissecting the embryos from 
each aphid onto a glass sli4e and placing a drop of aceto-carrnine on 
the embryos. The embryos were then teased apart with needles and sorted 
into the 3 embryo size groups and counted. 
Twenty-five 10 cm plastic pots were seeded with Rogers barley. 
The pots were fitted with clear plastic cages. The plants were thinned 
to 4 per pot when they were approximately 10 cm high. Fifteen of the 
pots were infested with 10 late instar greenbug nymphs (5 pots each 
with the 3 greenbug biotypes). The , greenbugs were left on the plants 
for 4 days to insure that all of them were mature and reproducing . At 
the end of the 4 days, 2 pots were infested with a total of 30 mature 
greenbugs from the 5 pots of biotype A, 2 pots with 30 of bi otype B, 
and 2 pots with 30 of biotype C. The pots were infested at 5 PM and 
the adults were removed the next morning at .9 AM. The embryos from 
these nymphs were checked 3, 5, 7, anq 9 days after the adu l ts were 
removed. 
Chromosome Measuring Techniques 
Two chromosome measuring techniques were compared , One technique 
involved direct measurements from the slide while the other involved 
measurements taken from enlarged photographs. All measurement s were 
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made from aceto-orcein squashes of the 3 greenbug biotypes. 
Chromosome measurements were made under 1000 X magnification. An 
ocular micrometer in the 10 X eyepiece was used for chromosome measure-
ments. The micrometer was divided into 100 units with each unit equal -
ing 0.952 micron , Chromosomes -were measured by maneuvering the slide 
into a desirabl~ position in the field of view while simultaneously 
turning the eyepiece to aline the micrometer and chromosome. Straight 
chromosomes ~ere easily measured. Difficulties arose with bent or 
coiled chromosomes due to the inability to measure anything but straight 
lines. Bent chromosomes were visually divided into several short 
straight subsegments and me~surements were taken and totaled to give 
the length of the chromosome, Drawings were quickly made of each chro-
mosome set while it was being measured and the .length recorded on ,the 
drawing. These drawings provided a means of .identification for later 
reference and for comparisons with the photographs. 
A photograph was taken of each chromosome set measured by the ocu-
lar micrometer. A 4 X enlargement was made of each negative and meas-
urements were then taken -from the photographic prints. Dionne and 
Spicer (1957) used 4 X enlargements for chromosome measurements . All 
photographs from which measurements were to be taken were printed at 
one time in order to avoid any fluctuations which might occur due to 
resetting the enlarger . All chromosomes that were distinct on the 
photographs were measured with a mm ruler. 
Four chromosome sets were selected to calculate the exac~ enlarge-
ment of the photographs. The photographed chromosomes were measured 
and these values were compared to their corresponding lengths as taken 
directly from the slides. 
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These 2 measuring techniques were compared and analyzed as a paired 
experiment. All 3 greenbug biotypes were included in one test since 
only the measuring techniques were involved. 
Chromosome Comparisons£!_ Greenbug Biotypes 
Confusion over the taxonomic st~tus of greenbug biotypes as well 
as t~e inability to distinguish biotypes A and B from each other visual-
ly, led to attempts to cytotaxonomically evaluate the 3 biotypes . It 
was hoped that chromosome evaluations would detect differences in the 
chromosome confi gurations of the 3 greenbug biotypes. Biotypes were 
studied and evaluated on the basis of number, size, and general mor-
phology of the chromosomes. Chromosome slides were prepared using the 
aceto-orcein squash techniques described earlier. 
Biotypes Band C used in this study .were cultured on Rogers barley 
at a temperature of 27 C. Biotype A was cultured on both Dickinson 
Sel. 28A wheat and Rogers barley. The temperature was about 24 C. 
The embryos from 1 aphid were use4 in the preparation of each 
slide , Each slide was examined under 1000 X magnification to determine 
if distinct chromosome configurations were present. Only 1 chromosome 
set was measured from each slide prepared. The only criterion for se-
lection of the chromosome sets was that all chromosomes be distinct 
enough to be separated from each other. The first such set found on 
each slide was measured and used in the analysis. Ten chromosome sets 
were measured for each of the 3 biotypes. 
Total chromosome lengths were used for analysis. Due to differ-
ences in chromosome lengths at different mitotic and meiotic stages, 
the wi thin the population variation in chrQmosome lengths was checked 
before compariso~s of the .biotypes could be made. A chi-square test 
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for homogeneity of data was used to check variation within the popula-
tion of each biotype. A chi-square test for a 1:1 ratio was used to 
check variation · in chromosome lengths between the 3 biotypes. 
Comparisons of Chromosomes of~ Leaf Aphids, Oat Bird-cherry Aphids, 
and Yellow Sugarcane Aphids With the Chromosomes £f_ Greenbugs 
Chromosome measurements were made of the corn leaf aphid, the oat 
bird-cherry aphid, and the yellow sugarcane aphid. The aphids were 
reared in the greenhouse on Rogers barley. The staining, measuring , 
analysis, and comparison techniques were the same as for the greenbug 
biotype comparisons. Measurements from the 3 aphid species were com-
pared with each other and with the greenbug biotypes. 
Sexual Generations 
Greenbug sexual generations have occurred in the U.S.D.A.-0.A.E. S., 
Entomology greenhouse, Stillwater, Oklahoma, e~ch year since the dis-
covery of biotype C greenbug in 1968. Ova were first noticed in Novem-
ber 1968 and oviposition continued until April 1969. The fall sexual 
generation was not found in 1969. The second season sexual generation 
was first observed in late January 1970 and continued unti l mid April. 
The peak production period occ~rred during February and early March. 
The third season sexual generation was first noticed in November 1970 
and continued through April 1971; Heavy oviposition was still occurring 
in late March. 
All sexual generation studies described in this paper were con-
ducted during the second and third seasons as described above. All 
collecti ons of ova and sexual forms were made in the U.S.D.A. -0.A.E.S., 
Entomology greenhouse, Stillwater, Oklahoma. 
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Males - The collection of male greenbugs was accomplished by 
shaking aphids from infested plants onto a sheet of white paper , Male 
greenbugs were separate4 from other winged aphids and transferred t o 
29 ml medicine cups. The ratio of males to alate females was observed. 
The medicine c~ps provided a q~ick, easy method for collection and 
short term storage (less than 1 day) . 
The collected males were studied in the following manners : 
1) Testes were dissected onto glass slides. Aceto-orcei n squashes 
were prepared to determine sperm size and shape . Observations were 
made under 1000 X magnification. 
2) The abdomens were pricked with a needle and the cont ents ex-
truded into a drop of 0. 85% saline solution. Five to 10 males were 
used in preparation of each slide. A total of 20 slides was exami ned. 
The slides were examined under 250 X magnification in an attempt t o ob -
serve living sperm . 
3) a The males were mounted in Turtox CMCP-9AF or 9AB mount ing 
media to provide permanent slides. The slides were used for detailed 
examination . Measurements were made of the total body length and wi ng 
span and general taxonomic characters were evaluated. 
Oviparae - Collection of oviparae was accomplished in t he same 
manner as described for the males. Selection of oviparae was largely 
based on the yellowish tint of the abdomen which indicated posses s ion 
of ova. The ratio of sexual to non-sexual apterous females was noted . 
Oviparae were handled in the following manners: 
1) Ova were dissected from the aphids onto a glass sl i de and 
aGeneral Biological Supply House, Inc., 8200 South Hayne Ave., 
Chicago, Illinois 60620. 
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counted. Females were also placed on Rogers barley and the numbers of 
ova laid were counted. The ,site of oviposition was also checked to de- , 
termine oviposition preferences. 
2) The oviparae were mounted in ,Turtox CMCP-9AB or 9AF mounting 
media to provide permanent slides. The specimens were measured and ob-
served for general taxonomic charact~rs. Special observations and 
counts .of the sensoria were made on the swollen hind tibia of the 
oviparae . 
Ova - Ova were collected from cage~ and plants. The collection 
was . accomplished by moistening the area aroun4 the base of an ovum and 
this loosened it from the surface. The ovum was then removed by an 
artist's small brush. 
The following studies were conducted on the ova. 
1) Aceto-orcein squashes were prepared from the ova. The squashes 
were prepared by removing the ova contents onto glass slides and dis -
carding the shells. The aceto-orcein techniques, as described earli er , 
were followed. The slides were examined for chromosome sets. 
2) Ova were observed to determine size, shape, and colorati on. 
The effects of age on coloration were studied for 3 temperatures: 4, 
21, and 27 C. Twenty freshly oviposited ova were placed in a r egriger-
ator at a temperature of 4 C. The same numbers of ova each we r e placed 
in bioclimatic chambers set at 21 and 27 C, respectively . The biocli-
matic chambers were set on a 14 hr photoperiod, No lighting was avai l -
able for the 4 C test. No attempt was made to control humi dity which 
remained low most of the time. The ova were checked every 12 hr for 2 
days and the~ daily for 2 wk or until all ova turned black . 
3) Incubation studies were performed to determine if embryonic 
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development occurred. In the spring of 1970, ova were incubated at 
temperatures of 2, 18, 21 and 27 C. A refrigerator was used for the 2 
C temperature, the other 3 temperatures were maintained in bioclimatic 
chambers. Four Petri dishes containing 25 ova each were placed in each 
of the 4 chambers. The leaves containing the ova were clipped from the 
plants and placed on filter paper in the bottom of the Petri dishes. 
Observations were made once a week. Additional ova were placed in each 
chamber as they were collected throughout the season but weekly data 
were not taken on them. They were checked periodically to determine 
development . 
Incubation studies, which began in December, were again conducted 
for the 1970-71 sexual generation. Ova were incubated at temperatures 
of 2, 4, 21, and 27 C, The ova were collected, removed from the leaf, 
and 25 each were placed on either glass slides or 1% agar plates. Four 
glass slides and 4 agar plates were placed unqer each of the 4 tempera-
tures, and they were observed once a week. Additional ov~ were placed 
at the various temperatures as the season progressed but numbers of ova 
present and weekly data were not recorded. These ova were checked 
periodically to determine if development occurred. 
Greenbug ~ and Ova Production - Tests were conducted to deter-
mine the greenbug type that produces ova. Information on sexual popu-
lation percentages was also collected. 
Twenty-four 10 cm pots of Rogers barley were arranged in a com-
pletely randomized design, each pot containing 3 plants. The tests 
consisted of 3 treatments with 8 replications in each treatment . Rogers 
barley cultures containing biotype C, in which large numbers of ova 
were being produced, were selected to infest the treatments . The 3 
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cultures were selected by visual comparisons to determine cultures with 
high percentages of oviposition. 
The 3 treatments consisted of dark green apterous females, light 
green apterous females, and alate females, The dark green females were 
very dark as compared to the "normal" coloration, 
Each pot was infested with 1 aphid and observations were made at 
4 or 5 day intervals. After oviposition or nymphal production began, 
the adult and nymphs, if produced, were removed and replaced by a cor-
responding aphid type from the cultures. 
The first test was conducted in February and March 1970. The sec-
ond study was conducted in December 1970 and January 1971. The same 
procedures were followed in both tests. 
Oviposition ~ Oviparae When Exposed~ Males ~Compared~~ 
Exposure~ Males - Biotype C greenbugs were placed in a bioclimatic 
chamber having a temperature of 21 C with a 14 hr photoperiod for 1 mo. 
The test began December _lO, 1969. On January 12, 1970, 30 Rogers barley 
pots each containing 4 plants were infested with 1 adult greenbug per 
plant. The following day the adults were removed a~d the nymphs, if 
produced, were left on the plants. On January 25, 30 Rogers barley 
cultures were infested with 1 greenbug nymph from the cultures. Nine 
of the infested nymphs developed into sexual forms. Males were placed 
in 4 of the 9 cultures. The cultures were observed to determine if 
oviposition occurred. 
From January 25 until early March additional tests were conducted 
to determine if oviposition occurred both in the presence and absence 
of males. These t ests were conducted under greenhouse conditions with 
temperatures ranging from 10-27 C. Large numbers of Rogers barley pots 
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were infested with 1 greenbug nymph each and observed to determine i f 
oviparae were produced. Oviparae were found in 24 of the pots . Twe lve 
of these pots were infested with males. Observations were made to de-
termine if oviposition occurred in both treatments. 
In the preceding tests, oviparae have been exposed to males but no 
copulation was observed. The following test was conducted to determine 
oviposition from oviparae observed copulating , Aphids were brushed onto 
white paper. When pairs were observed copulating, they were transferred 
to Rogers barley or RS 610 sorghum and caged. Fifteen pairs were 
checked in this manner. This test was conducted in 1970 and also in 
1971. 
Effect of Photoperiod and Temperature~ the Production of the 
Greenbug Sexual Generation - Cultures of biotypes A, B, and C were 
colonized on Rogers barley for 1 mo in a bioclimatic chamber at 24 C 
with a 14 hr photoperiod. Each of the 3 cultures were the progeny of a 
single aphid. On September 1, 1970, 2 cultures of Rogers barley were 
each infested with 5 greenbugs from each biotype. One culture of each 
biotype was placed in a bioclimatic chamber set on a 14 hr photoperiod 
and the .other cultures were given an 8 hr photoperiod. All cul t ures 
were maintained at 24 C. On September 17, 6 Rogers barley cultures for 
each biotype were infested with 2 aphids each for each of the 2 photo-
periods. These cultures were examined September 30 to determine the 
effects of the photoperiods on oviposition and the occurr ence of sexual 
forms. 
On May 1, 1971, 4 cultures of biotype C and 2 cultures each of 
biotypes A and B were placed in a bioclimatic chamber set on daily tem-
perature fluctuations of 13-21 C with a 9 hr photoperiod. The cultures 
were2hecked May 31 to determine if sexual forms wer~ .. produced or if 
oviposi1;ion had occurred . 
.. /" 
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RESULTS AND DISCUSSION 
Staining Techniques 
The Feulgen's staining technique provided good sl i de pr eparations 
with clear chromosome sets but the technique was slow. Another problem 
was in the handling of embryos. The transfer from one solution to the 
next often resulted in the loss or damage of the embryos. 
The aceto-orcein technique prove4 to be a very easy met hod for ob-
taining good, quick slide preparations. The ·slides could be pr epared 
in less than 5 min and were ready for immediate observati on . Photo-
graphs could be taken immediately but the best pictures were obtained 
from slides that were at least 1 day old. 
The aceto-carmine technique did not produce di stinctly stained 
chromosomes. In most cases the cytoplasm was stained and this further 
created problems in distinguishing the chromosomes. However, aceto-
carmine proved to be a useful stain for staining and counting embryos 
as they were dissected from the aphids. 
The aceto-orcein tec~nique was used in .all of the chromosome 
studies in this manuscript. 
Embryonic Stage Best Suited for Staining 
The small embryonic stage was determined to be the most desirable 
stage for chromosome staining. Distinct chromosome sets were observed 
in about 50% of the slides prepared from the small e~bryos . Of the 
slides prepared from the intermediate embryo sizes, 37% were f ound t o 
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possess distinctly stained chromosome sets capable of being counted . 
None of the slides prepared from the large embryos were found to possess 
such chromosome sets. 
Many chromosomes were stained in the slides made from large embry-
os, but no complete sets were found in the same plane of focus. Usual-
ly, embryonic tissues masked part of the chromosome set. The large 
embryos were almost fully developed and their embryonic tissues and ap-
pendages apparently did not lend the~selves readily to squash prepara-
tions. 
The intermediate embryo size proved to be a fairly efficient size 
to use .for squash preparations , Most of the slides had distinct chro-
mosome sets, but many of them were not in a plane of focus that would 
enable the measuring and comparing techniques to be employed. Append-
ages were usually apparent in these slides which hindered the proper 
preparation of the slides in order to obtain chromosome sets in one 
plane of focus. In most instanc~s, the slides did not possess areas of 
embryonic tissue that masked the chromosome sets below and within the 
tissue such as was the cas~ for the slides made from the large embryos. 
The slides prepared from the intermediate sized embryos also pos-
sessed some small embryos . It was not possible to remove all of the 
small embryos that stuck to the intermediate size embryos when they were 
being dissected and separated. These small embryos may have produced 
many of the distinct chromosome configurations observed on the slides . 
However, the possibility seems remote due to the small number of small 
embryos that remained on the larger embryos , 
Few problems were encountered in preparing slides with distinct 
chromosome sets in one plane of focus when small embryos were used . 
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Detennination of the Aphid Age Producing the Highest Number of Embryos 
in the Most Desirable Stages of Development 
The counting of small embryos was difficult due to their sticking 
to the body of the aphid or to the larger embryos. Table 1 indicates 
that 5 day old aphids possessed the greatest number of small embryos. 
They also possessed very few intermediately sized embryos and none were 
found with fully developed embryos. The 1.4 mm average length is large 
enough to pennit easy dissections. These data indicate that for aphids 
reared at 24 C, 5 day old aphids are the most desirable age to use i n 
chromosome slide preparations. 
Chromosome Measuring Techni9ues 
The 4 chromosome sets chosen to calibrate the size of the photo-
graph enlargements were selected because the chromosomes involved were 
fairly straight (Fig. 3). Thus the measurements of these straight 
chromosomes should more closely represent the true photographic enlar ge-
ment size than other chromosome configurations. 
One of the chromosome sets used in the measurement calibrations 
possessed what appeared to be a ninth chromosome. It was considerab ly 
shorter than the other 8 chromosomes and no homologue was .apparent . It 
was believed that this probably did not represent a chromosome but was 
an artifact or some dark-stained cellular or extracellular substance . 
However, it was used in measurement calculations since only the measure-
ments were important in calibrations. 
If the 2 measuring techniques were comparable, the total measur e-
ments taken by .each technique should be equal. Each ocular micrometer 
unit was calculated to equal 0.952 micron. Therefore, the total ocul ar 
measurements of 171 units would be equal to 162.8 microns (Table 2) . 
Aphid 
Age 
3 
Days 
5 
D~ys 
7 
Days 
9 
Days 
Table 1. Embryo counts from greenbugs that were 3, 5, 7, and 9 days old. 
Avg. Avg. No. of Emb!Xos Eer Female Biotype Small Embryo Intermediate Length (mm) Siz-e Embryo Size 
--
A 0.9 6.3 o.o 
B 0.9 6.8 ·0.0 
C 1,0 7.5 0.0· 
A 1.4 11.2 0.6 
B 1.4 11.0 0.1 
C l.'4 13.5 3.-2 
A LS 7.8 2.9 
B 1.5 9.7 2. 8 
C 1.6 10.5 3.8 
A 1.6 6.1 3.8 
B 1.5 8.3 ·. 3.0 
C 1.6 8.7 3.9 
Large Embryo 
Size 
0.0 
0.0 
o.o 
0.0 
0.0 
0.0 
1. 7 
1.1 
2.4 
2.9 
2.9 
3.4 
tN 
--.J 
Fig. 3. Four chromosome sets used to 
calibrate the photograph 
enlargement size. 
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Table.2. Calculati9n of photograph enlargement scale for 
comparison of ch.romosome measuring techni:ques. · 
Chromosome Chromosome Ocular Units Set Micrometer. Photograph 
No. No, Measurement a· Measurementb 
1 1 13 16 
·~ 9 13 
3 9 13 
4. 9 12 
s 8 12 
6 6 1l 
7 6 7 
8 5 7 
9 2 3 
2 1 5 8 
2 5 8 
3 5 7 
4 4 7 
5 4 7 
6 4 5 
7 3- 4 
8 3 4 
3 1 6 8 
2 6 9 
3 5 7 
4 5 8 
5 5 7 
6 4 7 
7· 3 4 
8 3 4 
4 l 6 11 
2 5 9 
3. s 8 
4 4 7 
5 4 7 
6 4 5 
7 3 4 
8 3 4 
,....,_ 
Totals 171 253 
al ocular micrometer unit;: O. 952 micron. · 
bl phot~g;i;-aph measu:rel!len:t unit = 0.643 micron. 
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If 171 ocular units equals 162.8 microns, then the 253 photograph meas-
urement units should also equal 162.8 microns. From this calculation, 
it was detennined that each unit measured from the photographs equaled 
0.643 micron. The values for the comparisons between the ocular and 
photographic measurements are shown in Table 3. Many chromosomes were 
unable to be measured from the photographs . In this test, 178 chromo-
somes were measured by the ocular micrometer method. Of this number, 
only 147 of the chromosomes were clear enough on the photographs to be 
measured. All chromosomes of each set were measured by this technique 
in only 8 of the 22 sets studied. 
The ocular micrometer measuring technique enables the study of 
chromosome sets that are not in the .same plane of focus. Each individ-
ual chromosome of the set can be focused upon and measurements made. 
Photographs taken of chromosome sets that are not in the same plane of 
focus may lead to the inability to measure some of the chromosomes from 
the photographs. 
The 2 techniques were analyzed as a paired experiment . The t-
calculated valu~ was 1.034. This value was not large enough to consider 
significant differences between the 2 measuring techniques. 
Exceeqingly large numbers of slides must be prepared in order to 
obtain large numbers of chromosome configurations in the same plane of 
focus. The ocular micrometer measuring technique is very useful in 
studying aphid chromosomes since it enables the study and measurement 
of chrQmosome sets that may not photograph clearly. The ocular microm-
eter method works fairly well on short straight chromosomes but its 
value as a tool for the study of longer and less straight chromosomes 
is doubtful. 
41 
Table 3. Chromosome lengths.as calculated using 2 different 
measuring techniq~es. 
Chromosome Chromosome Chromosome Lengths in Microns 
Set No. No. Ocular Photograph 
1 1 4.76 4. 50 · 
2 3,81 
3 3,81 2, 57 · 
4 3.81 3.22 
5 2.86 3. 87 · 
6 2.86 
7 2.86 
2 1 3.81 3.87 
2 3.81 
3 2.86 
4 2.86 2. 57 · 
5 2,86 
6 2.86 
7 1.90 1.93 
3 1 8. 57 · 
2 7. 62 . 
3 4.76 
4 4. 76 . 4.50 
5 4.76 5.14 
6 4.76 5.14 
7 4.76 
8 4.76 4.50 
9 3,81 
10 3.81 
11 2.86 2.57 
12 2.86 2.57 
13 1.90 
14 1.90 1.93 .. 
4 1 5. 71 5.14 
2 4,76 5.14 
3 3. 81 · 
4 3.81 
5 1.90 
6 1.90 
7 1.90 
8 1.90 1.93 
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Table 3. (Continued) 
Chromosome Chromosol)le Chromosome L.engths in.Microns 
Set·No. No •. Ocular Photograph 
5 1 7.62 8.36 
2 7.62 8,36 
3 6.66 7.72 
4 6.66 
5 6.66 
6 5, 71 
7 3.81 3. 87 · 
8 2;86 3.22 
6 1 4.76 
2 4.76 
3 4.76 3.87 
4 4.76 4.50 
5 4.76 5.14 
6 2.86 3.22 
7 2.86 3.22 
7 1 12.38 10.29 
2 8.57 8,36 
3 8,57 8.36 
4 8.57 7. 72 
5 7.62 7.72 
6 5, 71 7.07 
7 5. 71 4.50 
8 4.76 4.50 
9 1.90 1.93 
8 1 8.57 8.36 
2 7.62 
3 7.62 7, 72 
4 6,66 7.72 
5 6.66 7. 72 
6 6.66 6.43 
7 2.86 
9 1 7,62 7. 72 
2 8.57 7. 72 
3. 6.66 6,43 
4 6.66 5.79 
~·. 5 .·71 5.79 
6 4.76 5.79 
7 2.86 2.57 
8 1.90 2.57 
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Table 3. (Colltinued). 
Chr<;>mo~ome , Chromos;QJ!le. Chromosome Len&ths in Microns 
Set No, .. N<;>. Ocular :Photograph 
10 1 7.62 7. 72 
2 6.66 6.43 
3. 6.66 --- .. 
4· 5, 7l 5,79 
5 5. 71 5.14 
6 4.76 
7 4.76 
8 3.81 3,87 
11 1 6.66 6.43 
2 5,71 5.14 
3. 3.81 4.50 
4 3.81 
5 3.81 
6 2. 86 
7 1.90 2.57 · 
8 1.90 2.57 
12 l 4.76 5.14 · 
2 4,76 S.14 
3 4.76 4,50 
4 3,81 4.50 
5 3.81 4.50 
6 3.81 3.22 
7 2.86 2.57 
8 2,86· 2.57 
13 1 s. 71 5.14 
2 5. 71 5.79 
3. 4,76 4.50 
4 4.76 5.14 
5. 4~76 4.50 
6 3.81 4.50 
7 2,86 2.57 
8 2, 86 2,57 
14 1 5. 71 7. 07 · 
2· 4.76 5.79 
3. 4.76 5,14 
4 3,81 4.50 
5 3.81 4.50 · 
6 3.81 3. 22 · 
7 2,86 2. 57 · 
s 2.86 2,57 · 
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Table 3r (Continued) 
Chromosome. Ch;romosome Chromosome Len~ths in Microns 
Set No, . No. Ocular Photograph 
15 1 7.62 
2 3.81 3.22 
3 2.86 
4 2.86 3.22 
5 2.86 3,22 
6 1.90 
7 1.90 1. 93 
16 1 6.66 
2 5. 71 5.79 
3 5. 71 
4 4.76 3.87 
5 4.76 
6 2.86 
7 2.86 ---~ 
8 2.86 
17 1 6.66 5.79 
2 6.66 6.43 
3 5. 71 5.14 
4 4.76 5.14 
5 4.76 4.50 
6 3.81 
7 2.86 2.57 
8 2 ~· 86 
18 1 !;).52 
2 8.57 9.65 
3 8.57 10.29 
4 8.57 7. 72 
5 7.62 
6 7.62 8.36 
7 5. 71 7.07 
8 5. 71 5.79 
19 1 6.66 9.00 
2 6.66 
3 6,66 5.14 
4 5. 71 5.79 
5 5, 71 5. 79 
6 3.81 5.14 
7 2,86 3.22 
8 2. 86 3.22 
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Table 3., (Continu,ed) 
Chromosome Ghromoiome Chromos9me Leniths in Microns , 
Set _No.· No. Ocular Photograph 
20 1 6.66 5.79 
2. 4. 76 · S,14 
3 4,76 5.14 
4 4.76 5.14 
s 3,.81 3,87 
6 3.$1 3.87 · 
7 2.86 2.57 · 
8. 1.90 1.93 
21 1 6.66 · 7.07 
2 s. 71 6.43 
3 s.n 6,43 
4 5, 71 5.79 
5 4.76 4,50 
6 4. 76- 4.50 
7 3,81 3. 87 · 
a 3._81 2.57 
22 1 6!66 6.43 
2 5. 71 5. 79 
3 s. 71 5.79 
4 4.76 5.14 
s 4,76 $.14 
6 4176 5.79 
7 3.81 3.87 
8 2 .. 86 3. 22 · 
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Chromosome Comparisons of Greenbug Biotypes 
All 3 greenbug biotypes consistently possessed 8 chromosomes. A 
few chromosome sets were found with only 7 chromosomes. Shinji (1931) 
reported the male aphid to possess an XO type of sex determining mecha-
nism. Possibly the chromosome sets of 7 represented male embryos. The 
loss of chromosomes from a set due to the slide preparation procedures 
is also possible. Some tetraploid chromosome sets were also observed. 
One slide was found that possessed several c~romosome sets in a very 
small area. All of the sets were in approximately the same develop-
mental stage (Fig. 4). Chromosome configurations of the 3 biotypes are 
shown in Fig, S, 6, and 7. One pair of chromosomes was usually very 
small as compared to others in the set . In many of the sets studied, 1 
large pair could also be distingutshed from the other pairs. In gen-
eral, the chromosomes .could be classified as 1 large pair, 1 small .pair, 
and 4 intermediate size chromosomes. Usually, the .4 intermediate size 
chromosomes could not be divided into their respective pairs. 
Analyses and comparisons were based on chromosome measurements 
taken from 10 aphids of each of the 3 biotypes. In order to obtain 10 
measurements, 12 aphids were prepared from biotype B, 24 from biotype C, 
and more than 280 from biotype A. In all tests conducted, obtaining 
good slide preparations has been much easier for biotypes Band C than 
for A. All slides were prepared in August and September 1970 . Possible 
differential growth patterns due to the season may account for the prob-
lems involved in obtaining good slide preparations from biotype A. Bio-
type A slides were made from aphids cultured on both Rogers barley and 
Dickinson Sel. 28A wheat and also under 2 temperatures, 24 and 27 C. 
At the present time, no explanation is available for the differential 
47 
Fig. 4. Metaphase chromosomes of the greenbug. 
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Fig. 5. Chromosomes of the greenbug, biotype A. 
49 
Fig. 6. Chromosomes of the greenbug, biotype B. 
50 
Fig. 7, Chromosomes .of the greenbug, biotype C. 
51 
staining observed in the 3 biotypes. 
The chromosome measurements of each of the 3 biotypes were analyzed 
for within the population variation (Table 4). The chi-square values 
for each of the 3 biotypes indicateq no significant differences within 
any of the .3 biotypes. 
Since no difference was indicated within the biotype measurements, 
the 3 biotypes could be compared to each other. The comparisons of the 
chromosome lengths for the 3 biotypes were accomplished by means of a 
chi-square to test goodness of fit to a 1:1 ratio (Table 5). The re-
sults indicate4 that biotype A was highly significantly different from 
either B or C. However, biotypes Band C were not shown to be signifi-
cantly different from each other. 
Comparisons of Ch:romosomes of . Corn Leaf Aphids, Oat Bird-cherry Aphids, 
and Yellow Sugarcane Aphids, ~ Chromosomes of Greenbugs . 
The chromosome number for the corn leaf aphid and the oat bird-
cherry aphid was found to be 8. The yellow sugarcane aphid had a chro-
mosome number of 10. Sun and Robinson (1966) reported another species 
of Sipha, ~. agropyrella Hille Ris Lambers, that possessed only 6 chro-
mosomes. This represents a wide variation in the chromosome number of 
a genus. Figures 8, 9, and 10 show the chromosome configurations of 
each of the aphids. The corn leaf aphid and oat bird-cherry aphid pos-
sessed chromosomes that were approxi,mately the same size as the other 
members in the set, but one chromosome pair was slightly smaller than 
the others. The yellow sugarcane aphid chromosomes could generally be 
grouped into pairs on the basis of lengths, each pair being slightly 
different in length from the others. The average length and chi-square 
values are given in Table 6. The chi-square values indicated that 
Aphid 
No, 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
Total 
Avg,,.,, 
Table. 4, Average chromoso~e lengths and chi-csquare values 
of 3.gree~bug biotypes. 
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BiotiEe A · 
-a . . 2 BiotlJ2e B BiotyEe C 
-· 
2 
-
2 
X X X X X X 
3.63 .208 8,38 1. 380 · 5.00 .298 
3.13 .475 7.00 • 350 8.13 .480 
· 6. 38 .679 · 5,63 ,000 5.38 ,151 
5,25 .088 4.25 . 325 5,50 .121 
3.75 .160 3,88 .S28 4,38 .626 
3,38 ,328 3.63 .693 5,38 .156 
4,25 .028 4.75 .129 8.00 ,411 
5, 75· • 281 .. 6,00 .028 9.00 1.075 
6.25 ,583 6,25 .075 5,13 ,244 
4.38 .011 6.25 .075 7,50 .196 
46.15 2. 845. 56,02 3.585 63. 40 · 3,769 
4.62 5.60 6,34 
a= mea~ calculated by totaling all 8 values, 
Taou.liited x2 value 
.os;:: 16.92 
.01 == 21.67 · 
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Table 5. Chi-square comparisons of chromosome lengths of 3 greenbug 
biotypes to each other and to the corn leaf aphid, oat bird-cherry 
aphid, and the yellow sugarcane aphid. 
Comparisons of Biotypes and Species of Aphids 
biotype C with 
biotype B with 
biotype A with 
corn leaf aphid with 
oat bird-cherry aphid with 
A 
B 
corn leaf aphid 
oat bird-cherry aphid 
yellow sugarcane aphid 
A 
corn leaf aphid 
oat bird-cherry aphid 
yellow sugarcane aphid 
corn leaf aphid 
oat Qird-cherry aphid 
yellow sugarcane aphid 
oat bird-cherry aphid 
yellow sugarcane aphid 
yellow sugarcane aphid 
= P 0.01% equal 6.63. 
Chi-square 
Valuea 
** 20.73 
3.64** 
98,78** 
14.81** 
8.22 
** 
7.64** 
64.00 
3.38 
0.73 
28.26 
0.83 
3.59 
** 
** 38.56** 
51.44 
0.97 
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Fig. 8. Chromosomes of the corn leaf aphid . 
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Fig . 9. Chromosom~s of the oat bird-cherry aphid. 
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Fig, 10. Chromosomes of the yellow sugarcane aphid. 
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Table 6, · Average chromosome· lengths and chi-square values for the 
corn. leaf aphid, oat bird-c~erry aphid, and the yellow sugarcane 
avhid. ' ' ' 
Com Leaf 
A hid 
Oat Bird-
cherry · AI?hid Aphiq 
~o, . F'' I Chi-Mean a square· 
. .. Chi-
.Mean 
s.quare 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
Tota~ · 
Avg. 
2,62 
4.00 
3.50 
2.25 
2,25 
2.75 
3.62 · 
3.12 
3, 75. 
:2,37 
30.23 
' / ' 
3.02 
.030· 
• 399 
.115 
.153 
.iss 
. ;009 
,030 
.013 
.235 
,012 
1,168 
8Tabulated chi-square valu~s 
.OS.:; 16.92 
.01 .... 21,67. 
4.13 ', 
4.50 
4, 75. 
4.25 
6,12 
s. 37 · 
3.37 
6.25 
4.2$ 
5.62 
48.61 
4,86 
,109 
,026 
.002 
,076 
,326 
.053 
,456 
,397 
,076 
, 118 
1,639 
Yello\\l Sugar-
cane Aphid 
Mean 
4.6 
5.2 
3,8 
4.2 
3.4 
6,2 
3.6 
3.0 
4.4 
3.3 
-41. 7 
4.17 
Chi-
square 
.044 
,254 
.328 
,000. 
.142 
.988 
.078 
,328 
,013 
.181 
2.356 
variations within the population were not significant in any of the 3 
aphids measured. 
The chromosomal comparisons among species are shown in Table 5. 
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As indicated in the table, the corn leaf aphid chromosome lengths were 
highly significantly different from all other aphids checked. The oat 
bird-cherry aphid was distinguished from biotype C greenbug and the corn 
leaf aphid. The chromosomes of the yellow sugarcane aphid were deter-
mined to be highly significantly different from biotype C greenbug and 
the corn leaf aphid. 
The test results indicate that the chi-square analyses of total 
chromosome lengths for taxonomic comparisons among species are not reli -
able for species with completely different chromosome configurations. 
Visually, the yellow sugarcane aphid chromosomes were easily distin-
guished from the other aphid chromosome sets, However, the total chro-
I 
mosome ,lengths were not significantly different from the oat bird-cherry 
aphid and biotypes A and B greenbugs. 
The analysis techniques described in this study can be used on 
species or biotypes which possess similar karyotypes. If the differ-
ences in chromosomes are large enough, this technique should detect 
them. The 2 species of Rhopalosiphum, in this study, were distingui shed 
from each other. This technique will measure changes in sizes of chro-
mosomes within a species but will not measure such things as invers i ons 
in which only the gene sequence may be changed. This is especially 
true in insects such as aphids which do not possess a centromere . 
Based on chromosome lengths, a different karyotype was found for 
each of the 3 genera studied. Schizaphis was found to have 1 long pair 
of chromosomes, 1 short pair, and 2 intermediate size pairs. All 4 
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pair of chromosomes were about the same size in Rhopalosiphum. Sipha 
possessed 5 chromosome pairs, all of which were different in size. 
Behavioral Observations of Greenbug Biotypes 
The behavior of biotype A or Bas compared to C is quite different. 
Biotypes A and B colonize and feed largely on the leaves and very small 
numbers are found on the plant stems. In contrast, biotype C is found 
in considerable numbers on plant stems as well as on the leaves . A and 
B biotypes have a tendency to adhere tightly to a plant. Biotype Chas 
a tendency to move when disturbed and often falls from the plants. In 
biotype C, if the population is very dense, the dis t urbance of one 
greenbug usually results in the progressive disturbance of all aphids 
around it. The aphids will move around for several seconds before 
settling down. 
Biotype C is a more vigorous animal than the other 2 biotypes. It 
moves quickly when disturbed or placed under unfavorable conditions. 
Dissection of biotype C was more difficult due to the tendency of the 
aphid to move from the field of view when placed under the microscope. 
Attempts to hold the aphid with a probe often resulted in the aphid 
clinging to or climbing up the probe. 
Biotypes A and B were less vigorous and tended to remain relati vely 
motionless, even when disturbed. Their movement was .seldom as fast as 
that of C. Although they tended to move out of the field of view when 
placed under the microscope, their movement was usually slow. The be-
havior of the 3 biotypes indicated a definite behavioral difference be-
tween biotypes. 
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Sexual Generations 
Although the sexual generation has occurred each year since 1968 
in the U.S,D.A.-0.A.E.S., greenhouse at Stillwater, Oklahoma it has not 
been reported from fields in Oklahoma. Field surveys were conducted 
each of the 3 seasons. Several surveys were conducted in the spring of 
1968, 3 in the spring of 1970, 1 in the fall of 1970, and 5 in the 
spring of 1971. Small grain fields and annual grasses were surveyed . 
The greenbug populations were very small in all surveys with the excep-
tion of a survey in mid-March 1971. In all surveys, no ovum was ob-
served. However, males were observed in field populations in 1969. 
The sexual generation was observed only in biotype C greenbugs and 
the following data were collected from studies on biotype C. 
Males - The percentage of males varied greatly throughout the sex-
ual generations. The percent males, as calculated from the total alate 
forms present, varied from Oto 34%. When males were present they 
averaged 17% of the winged population. These percentages were figured 
from 10 collections. The numbers of males collected were exact counts 
but the total numbers of winged aphids were quick estimations of the 
numbers present (Table 7) . These percentages may be high since the cul-
tures chosen for examination were selected because they possessed large . 
numbers of sexual forms with at least some males. There were many peri-
ods during which no males were found in the cultures even though large 
numbers of oviparae were present. The peak periods for male produ~tion 
occurred in January and again in early March for the 1970-71 season. 
Spermatozoa were easily identified from aceto-orcein squashes of 
tne testes. They were long thin rods averaging about 15 microns in 
length. Their general appearance was similar to that of a very small 
Table 7. Percentage of males in ~inged populations of biotype C 
greenbugs during 1970~1971. 
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Sample No, of Alates No. of Males Percent Males 
No. in Sample in Sample in Alates 
1 35 0 0 
2 so 17 34 
3 40 9 20 
4 37 0 0 
5 25 0 0 
6 13 2 15 
7 40 4 10 
8 30 8 27 
9 38 3 8 
10 40 2 5 
Aim, of all samples 12% 
Avg. of samples producing males 17% 
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nematode. The changes in form from the early to the late spermatozoa 
could usually be identified when different areas were examined along 
the testes (Fig. 11). None of the earlier stages of spermatogenesis 
were identified. Probably the study of testes from early instar males 
would produce the earlier stages of development. The fully developed 
testes of adult males contain, for the most part, only mature spermato-
zoa. The inability to identify immature males hinders the study of 
spermatogenesis in aphids. 
Living spermatozoa were not observed in the saline solution in the 
slides prepared. More slides should be examined but the small size of 
the sperm and the difficulty in obtaining the males created problems in 
this test. 
The male greenbugs were smaller than the alate females as Fig. 12 
indicates. They averaged about 1.4 mm in length with a wing expanse of 
about 3.6 mm as compared to 2.1 mm and 5.4 mm, respectively for the 
alate females. The tarsi and the apex of the tibiae were dark. The 
first 2 1/3 antenna! segments were light colored with the rest of the 
segments dark. This description of males corresponds closely with that 
given by Washburn 1908a, Hunter 1909, Theobald 1927, and Palmer 1952. 
The numbers of circular sensoria on the antenna! segments were not 
consistent from specimen to specimen. The average sensoria numbers 
were 25 for the third, 13 for the fourth, and 13 for the fifth antenna! 
segments. This is slightly different from the 20, 18, and 9 sensoria 
reported by Washburn 1908a, Theobald 1927, and Palmer 1952, for the re-
spective antenna! segments of the males . 
OviEarae - The percent oviparae in the samples ranged from 3 to 
50% of the apterous population with an average of about 27% (Table 8) . 
Fig. 11. Spermatozoa of the greenbug . 
A, mature spermatozoa; B, 
maturing spermatozoa . 
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Fig . 12 . Male and alate female greenbugs of 
biotype C. M, male; F, female . 
64 
65 
Table 8. :Percentage of oviparae in biotype C, apterous,; adult, 
gteenbug populations in the greenhouse during 1971. 
Sampie Tota+ Adults in No. Percent 
No. the S~ple Oviparae Oviparae 
1 70 25 36 
2 120 60 so 
3 90 22 24 
4 130 45 35 
5 200 75 37 
6 150 5 3 
7 l25 16 13 
8 70 16 23 
9 80 21 26 
10 160 41 25 
Average 27% 
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The counts were conducted from January to the middle of March 1971. 
The numbers of oviparae were exact counts of the numbers collected. 
The total apterous counts were quick estimations of the adults present 
in the sample. Separation of late instar nymphs from adults was ex-
tremely difficult and exact counts were not possible for this reason. 
Although variations in percentages occurred, oviparae were present 
throughout the sexual season. 
The oviparae ranged from 1.7 to 2.4 mm in length. This is slightly 
larger than the sizes reported by Theobald (1927) and Washburn (1908a). 
The first 2 1/3 basal antenna! segments were light colored with the re-
maining segments dark. The hind tibiae were slightly swollen and dark 
and possessed many large flat circular sensoria. The number of sensoria 
per tibia ranged from SO to 160 with most possessing between 80 and 110. 
This sensoria number is much higher than the 23 reported by Palmer 
(1952) or the 30 to SO reported by Hunter (1909). The hind tibiae of 
oviparous and viviparous females are shown in Fig. 13. 
The ova were often visible inside the abdomen of the oviparae and 
they served as a quick means of identificat~on (Fig. 14). The ova 
sometimes imparted a yellowish tint to the aphid. 
Oviparae dissections revealed that each female possessed from 3 to 
10 ova in various stages of development. The average number per female 
was 6.6 (Table 9). Four of the 15 dissected aphids possessed embryos 
as well as ova. This appeared to represent a rather high percent when 
compared to other dissections made throughout the sexual season. How-
ever, this does show that at least some of the sexual females are capa-
ble of producing both ova and viviparous offspring. 
Average oviposition, as indicated in Table 10, proved to be less 
Fig. 13 . Hind tibia of oviparous and viviparous 
females. A, oviparae tibia; B, vi-
viparous female tibia; S, sensoria. 
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Fig. 14. Greenbug ovipara~ with ova visible 
within the abdomen. O, ova. 
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Table 9. Oviparae dissection to determine the number of ova 
and embryos present per female. 
No, Aphids 
Dissected 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
Total 
Average 
Ova 
Present 
7 
8 
10 
6 
9 
5 
7 
6 
9 
3 
4 
5 
6 
6 
8 
~9 
6.6 
Embryos 
Present 
2 
2 
3 
1 
8 
0,5 
Table 10. Average qvipqsition and oviposition surface 
preferences of the greenbug. 
Cage No. OviEosi.tion Site 
(2 Oviparae/Cage) Cage Plant 
1 8 0 
2 6 2 
3 4 5 
4 0 7 
5 2 6 
6 0 7 
7 s 0 
8 3 0 
9 5 3 
10 6 4 
11 0 0 
12 6 1 
13 2 4 
14 0 1 
15 0 1 
~ 
Total 47 41 
Avg, /Female 1.6 1.4 
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Total 
Ova 
8 
8 
9 
7 
8 
7 
5 
3 
8 
10 
0 
7 
6 
1 
1 
88 
2,9 
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than the.number of ova found per female in the dissection studies. An 
average of 2, 9 ova was. oviposi ted per female as coml?ared to the average 
of 6.6 ova per female from the dissection study. The ova were ovipos-. 
ited on the plant and on the cage in.almost equal proportions. The ova 
found on plants were usually oviposited on the stem or upper leaf sur-
faces. Ova were usually oviposited singly .but sometimes. 2 or 3 were 
found together, The ova found on the cages were located on the cloth 
mesh where it came in contact with the plastic. Ova.were,rare~y found 
on the plast1i.c cage. 
Greenhouse observations of cult1.,1res indicated exceptionally large 
numbe~s of ova on the cages. In some , cages, the areas around the top 
of the cages appeared almost black due to the large number of ova. The 
caged plants also contained many ova but not. to the same extent as cm 
the cage. 
Dissection of ova from the oviparae produced ova.in various stages 
of development~ Fig. 15 shows the progressive increase in size of the 
ova.with the corresponding decrease i:r:i, the size of the trophocytes. 
Oseto and Helms (1971) found the viviparous reproductive system of the 
greenbug to possess telotrophic ovarioles of the syncytial subtype. 
Th.e oocytes of. the sexual form, as indicateq. in this study; appear to 
possess attached trophocytes with very short.nutritiv~ cords. 
Mating - No pre-mating beh~vior was.observed among 10 pairs of 
mating greenbugs. Th~ males approached the females and almost immedi-
ately climbed onto their abdomens. Some of the males used their anten 
1.1ae. and front legs to probe the lateral parts of th.e abdomen a few 
times prior to climbing onto the abdomens. The male assumed an upright 
position. on the posterior part . of the female abdomen. The male then . 
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Fig , 15 . Ova in various stages of development . 
O, ova; T, trophocytes. 
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lowered its abdomen until the male ~nd female genetalia were linked to-
gether. Copulation continued for an average du+ation of 1 1/2 min with 
. a range of 1/2 to 2 1/2 min. One pair was observed to copulate a second 
time after parting for about 15 sec. Figure 16 shows a greenbug pair 
copulating. 
One female was observed wit~ several males attempting to copulate 
with her simultaneously. None of the males were observed attempting to 
copulate with a non-receptive female even though several sexual and. 
non-sexual females were present. The·male~ moved rather quickly to a 
receptive female. and were not observed probing \','i th antennae or follow-
ing n.on-sexual f~males, 
These data, especially the multiple matings, in~icate the proba-
bility of the release of pheromones by the females to attract the males. 
The possession of large numbers of. antenna! sens~ria by the males is 
p~obably at.least pa~tially associated with the release of pheromones 
by the females. 
Ova - Greenbug ova were. oval in shape and averaged about O. 59 mm 
long by 0.21 mm wide. These measurements are slightly different from 
the O. 65 by O. 3 mm reported by Washbu.rn ( 1908a) and the O. 5 mm length 
reported by Daniels (1956), 
The freshly oviposited ova were yellowish-green in color and later 
changed t.o dark green and finally. to black (Fig, 17). At a temperature 
of 27 C, 45% of the ova changeq. to a blac;k color after 24 hr.and 80% 
after 48 hr, Twenty percent of the ova in the 27 C test turned trans ... 
lucent brown.and 1;1.ppeared desiccatec;l, Ten percent of the ova were. 
brown in the 21 C test, In the 21 C test, 40% of the ova be~ame black 
aft~r 24 hr and 90% after 48 hr. After 2 wk, only 25%. of the ova were 
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Fig. 16 , Greenbug copulation. 
Fi g. 17. Greenbug ova in 3 different stages. 
A, freshly oviposited; B, inter-
mediate stage; C, final coloration . 
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black in the .4 C test and no brown ova were observed. With only one 
exception, all yellowish-green ova in the 21 and 27 C tests darkened 
within 24 hr. Most of the yellowish-green ova in the 4 C test also 
darkened within 24 hr but the time period ranged from 1/2 to 4 days . 
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Aceto-orcein squashes of .ova contents produced chromosome sets i n 
33% of · the slides prepareq. Each slide consisted of the contents of 1 
ovum. All of the ova examined were less than 2 days old. When chromo-
some sets were found, they appeared to be in a rapidly dividing stat e 
and many chromosome sets could be located in a small area. These data 
indicated that at least 1/3 of the ova are capable of initial develop-
ment. 
The ova incubated in 1970 failed to hatch or show any signs of 
embryo development . The ova placed in the 18 C temperature cabinet were 
transferred to the 21 C chamber after 4 wk due to mechanical problems. 
All of the ova incubated at 18, 21, and 27 C appeared desiccated within 
4 wk. Dissections of the desiccated ova revealed their contents to be 
in a crystallized state . The ova stored in the 2 C chamber did not ap-
pear desiccated but no embryo development was determined from ova di s-
sections. Approximately 300 additional ova were incubated at 2, 21, 
and 27 C but no development was found. 
None of the ova in the 1970-71 incubation studies hatched. All of 
the ova stored at the 21 and 27 C temperatures were desiccated within 5 
wk. The ova on the agar plates desiccated slightly slower than the ova 
on the glass slides. After 6 mo, approximately 70% of the ova stored 
at 2 and 4 C were dessicated. Many of the agar plates contained fungal 
growth. Two embryos were found when ova dissections were conducted . 
Both of the embryos were discovered from ova stored in the 4 C chamber. 
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One of the embryos, as shown in Fig. 18, was almost completely developed 
and appendages were apparent. Upon dissection from the shell a bright 
red eyespot was apparent. The other embryo was in an earlier stage of 
development with developing appendages (Fig. 19). 
Greenbug ~ and Ova Production - The results indicated oviparous 
females to be apterous. Oviposition was not demonstrated by alate 
aphids (Table 11). 
Little difference was detected between the dark green and light 
green females. This indicated a color difference due to some factor 
other than a difference between oviparous and viviparous types. The 
difference was determined to be at least partially due to age. 
The tests indicated that between 15 and 22% of the population was 
oviparous. 
Oviposition 12.l. Oviparae ~Exposed.!£. Males~ Compared.!£..!!.!?. 
Exposure.!£. Males - Of the 30 cult~res infested with 1 nymph each on 
January 25, 1970, 9 became oviparae, 18 viviparous females, and 3 did 
not reproduce. One of the 18 parthenogenics produced 5 offspring which 
all matured into males. The percent oviparae for this study was quite 
high when . compared to later observations which usually ran in the area 
of 15 to 25% oviparae. 
The results of both the 21 C test and the greenhquse test are shown 
in Table 12. In both tests, the oviparae not exposed to males produced 
fewer ova than when caged with male~. However, the tests show that they 
are capable of oviposition in the absence of males. Two oviparae, one 
in the 21 C test and one in the greenhouse test, reproduced oviparously 
at first but later began reproducing viviparously. The data in these 
tests .correspond closely with the average of 3 and maximum of 7 ova 
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Fig. 18. Embryo from a biotype C greenbug ovum. 
S, ovum shell; E, embryo; 1, leg. 
Fig. 19. Developing embryo from a biotype C greenbug 
ovum, A, appendages. 
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Table 11. Percentage oviparae iP: 3 phases of biotype C greenbugs •.. 
Greenbug Test Total Aphids No. of Percent Form Aphiqs 
Studied Dates St;udied Ovipositing Oviparae 
Dark Green 1970 45 8 17.7 
Females 1970-71 57 14 22 •. 8 
Light Green 1970 so 11 · 22 .0 
Females 1970-71 57 9 15.8 
" Alate 1970 44 0 0,0 
Females 1970 .. 71 60 0 0,0 
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Table 12. The effect of the presence of males on ova.deposition by 
biotype C oviparous females. 
Compar~son 
~o. 
1 
2 
3 
4 
5 
6 
7 
8 
9 
·10 
11 
12 
Total 
. Avg. 
Number of Ova Produced 
21 c·chamber Test Greenhouse Test 
Oviparae · Oviparae Oviparae Oviparae 
Only . + Male Only + Male 
3 7 1 s 
5* * 0 * 
0 4 4 3 
2 3 0 8 
* 3 0 
* 2*' 
6 4 
5 0 
2 5 
0 1 
2 2 
1 5 
- -
~-
-10 14 24 35 
2,0 3.S i.o 2,9 
"' Aphid produced 1i ving of £spring eithe,; solely or in combination :; 
with ·ova, ' ' 
reported, by . Wadley ( 1931) to be produced by greenbug oviparae. 
The females observed copulating produced approximately the same 
number of ova as .the oviparae caged with males in the previous tests. 
. . . ' ' 
82 
The results are shown in Table 13, . Only.I female failed to produce ova. 
These data suggest that the caging of ovipar~e ilnd males together often 
leads to copulation. This .would be the expected result if sex 
pheromone~ were emitted by the females as suggested in a previous · 
section. 
Effect . .2£. Photoperiod aild ,Temperature 2!!. .the .P:r:oduction .2!,· the 
Greenbu& Sexual Generation .. ·. Sexuales were not produce4 under either of 
the photoperiod-tempera~ure conditions studied, Both tests were con-
ducted for only 1 mo an4 po!:isibly this was not long .enough to initiate. 
the production of sexuales. However, Lees: (1959) found sexual fonn 
determination to occur in the enibryonic st.~ge~ of Me~oura viciae, and. 
the change w11s expresseq within 1 generation, . Wadl~y (1~31) stated 
that photoperiods · of less than 12 hr at average temperatures of below 
21 C produced greenbug sexuales, These c<;mdi tions. did not produce 
sexuales in this study. 
No. 
Table 13. The number of ova produced by biotype C greenbugs 
known tq have copulateq, 
of Pairs Caged Date Observed No. 
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Ova Observed 
Copulating Plant· Copulating Produced 
1 Barley Apr. 2, 1970 6 
2 Barley Apr. 2, 1970 3 
3 Barley Apr. 2, 1970 3 
4 Barley Feb. 10, 1971 4 
s Barley Feb. 10, 1971 5 
6 Sorghum Feb. 10, 1971 1 
7 Sqrghum Feb, 11, 1971 2 
8 Sorghum Feb. 11, 1971 2 
9 Sorghum Feb. ll, 1971 8 
10 Sorghum Feb. 17, 1971 1 
11 Sorghum Feb, 17, 1971 7 
12 Sorghum Feb. 17, 1971 4 
13 Sorghum Feb. 17, 1971 3 
14 Barley Feb. 18, 1971 2 
15 Barley Feb. 18, 1971 0 
Total 51 
Avg. 3.4 
SUMMARY AND CONCLUSIONS 
Comparisons of Feulgen's, aceto-carmine, and aceto-orcein staining 
tec~niques indicated aceto-orcein to be the best technique for quick, 
clear chromosome preparations. The small greenbug embryos, averaging 
about 0.25 mm in length, were determined to be the best stage for slide 
preparation. At temperatures of 24 C, S day old aphids provided the 
greatest number of small embryos. The 5 day old aphids averaged 1.4 mm 
in length. The intermediate sized embryos, averaging about 0.43 mm in 
lengt~, also provided several clear chromosome sets. The range of de-
velopment within this embryo size group was . considerable. Squashes of 
embryos just entering this size group probably resulted in the clear 
chromosome sets observed. More .mature embryos from this size group 
possessed well developed tissue and appendages which prevented the easy 
preparation of clear chromosome sets. 
Two chromosome measuring techniques were compared. 
involved measurements taken from chromosome photographs. 
One technique 
The other 
chromosome measurements were taken directly from the slide using an 
ocular micrometer . No significant difference was found between the 2 
measuring techniques. The measuring of chromosomes directly from the 
slides was advantageous due to the ability to focus upon individual 
chromosomes. This resulted in the chromosome sets not having to be in 
one plane of focus as was necessary for production of clear photographs. 
Only 83% of the total numbers of chromosomes .measured directly from the 
slides were clear enough on the photographs to be measured. The use of 
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an ocular micrometer for measurement of short, straight chromosomes ap-
peare9 to be useful but its application for the study of long, curving 
chromosomes is doubtful. 
The chromosome configurations of 3 greenbug biotypes, the corn 
leaf aphid, the oat bird-cherry aphid, and the yellow sugarcane aphid 
were compared. Total chromosome lengths of each set were used in a chi-
square analysis for all of the species and biotypes studied. This study 
indicated biotype A chromosomes to be significantly different from bio-
types Band C. Biotype B was not significantly different from biotype 
C. The corn leaf aphid chromosomes were determined to be significantly 
different from all aphid species studied. The oat bird-cherry aphid 
was significantly different from the corn leaf aphid and biotype C 
greenbug. The chromosome analysis of the yellow sugarcane aphid indi-
cated significant differences from the corn leaf aphid and biotype C 
greenbug. 
The 3 genera studied were found to possess different karyotypes. 
The greenbugs, corn leaf aphids, and oat bird-cherry aphids possessed 
8 chromosomes per set, the yellow sugarcane aphid had 10. 
Chi-square analysis for taxonomic purposes is not reliable for 
distinguishing species with different chromosome configurations. How-
ever, it can be used to detect differences between biotypes, sibling 
species, or other closely related species if the chromosome differences 
are large enough. This analysis technique will detect changes in chro-
mosome size, but not changes that involve only the gene sequences. 
The greenbug sexual generation was first observed in the Still-
water, Oklahoma area in the fall of 1968. The 1968-69 and 1970-71 sex-
ual season occurred from November to late March. The fall sexual season 
was not observed in 1969 but sexuales were found from late January to 
late March 1970. Ova were produced in the greenhouse at Stillwater, 
Oklahoma but were not observed in field surveys in the same area. 
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Greenbug males were found periodically throughout the sexual sea-
son. When they were present, they averaged about 17% of the winged 
population. The males were found to be slightly smaller than reported 
in the literature. They also possessed more antenna! sensoria. Lar ge 
numbers of spermatozoa were found from aceto-orcein squashes of the 
testes. 
Oviparae were found to range from 3 to SO% of the apterous popula-
tion with an average range of 15 to 25%. All of the oviparae _observed 
were apterous and averaged 1.7 to 2.4 mm in length. Hind t i biae of 
oviparae possessed an average of 80-110 large flat circular sensoria. 
This is considerably above the numbers reported in the -literature. Dis~ 
sections of oviparae revealed an average of 6.6 ova per female, however, 
oviposition studies determined an average oviposition of 2 . 5 to 3.5 ova 
per female. Oviposition occurred on both the cages and the plants in 
about equal frequencies when populations were small. However, excep-
tionally large numbers of ova were observed on cages when greenbug pop-
ulations were high . Some oviparae were found to produce both ova and 
living offspring. 
Greenbug pairs were observed mating and there was an indication of 
the production of sex attractants by the females. 
Biotype C greenbug ova were oval in shape and averaged 0.59 mm by 
0.21 mm. They were yellowish-green when freshly oviposited and usually 
turned black within 48 hr. None of the ova hatched when incubated at 
temperatures of 2, 4, 18, 21, or 27 C. However, 2 developing embryos 
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were found by ova. dissectio:n,s. These embryos were found from ova stored 
at 4 C for 6 mo, Chromosome sets were also discovered from aceto-orcein 
squashes of ova contents. Squashes were made from ova less than 2 days 
old. The chromosome.sets along with the embryo development indicate 
that at least some of the ova.are capable of development if placed under 
the proper environmental condit~ons. 
~hotoperiods of less than 12 hr at average temperatures of 21 C or 
less did not initiate development of sexuales. Greenbugs were cultured 
for 1 mo under the.conditions descriqed. The light quality and inten-
sity were not determined for the studies. Longer incubation may produce 
sexuale~ but more in depth studies must be .conducted to determine fac-
tors.responsible for the production of sexuale~. 
The morphological and physiological differences of the 3 greenbug 
biotypes described by previous authors, as well as the behavioral, chro-
. { 
mosomal; and sexual generation diffe;rences reported in this study, indi~. 
cate, definite differences in the .3 greenbug populatic;ins, Whether these 
differences are large enough to warrant the description of.the popula~ 
tions as subspecies rather than biotypes will depend on the interpreta-
tions.of taxonomists. 
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